Introduction {#S0001}
============

Blood donors are screened to exclude those whose health might be compromised by the donation and to protect blood recipients from transmission of infectious agents or medications taken by the donor \[[@CIT0001]\]. In Libya, blood donations are usually made by replacement donors, i.e. by relatives and friends of the patient needing blood. A minimum of four months between donations is required. Donors should be 18--60 years, and they should be generally healthy according to a clinical examination that includes blood pressure measurement.

Most countries impose the pre-donation haemoglobin (Hb) measurement to protect donors from being severely anaemised and to ensure that the Hb content of the donated blood meets the required criteria \[[@CIT0002]\]. In Canada and the United States, the minimum values for donors haemoglobin concentration is set at 12.5 g/dl for all blood donors \[[@CIT0003]\], while in European countries the cut-off level is 12.5 g/dl for women and 13.5 g/dl for men \[[@CIT0004]\].

Several studies showed that a large proportion of blood donors are excluded because their Hb level does not meet the minimum accepted standards \[[@CIT0005]--[@CIT0008]\]. However, though anaemia is still a widespread public health problem in the developing world, haemoglobin estimation is not an obligatory procedure for the selection of blood donors in Libya. This study is carried out to examine the importance of including haemoglobin measurement for blood donor selection. We used the reference values set by the WHO \[[@CIT0009]\] to evaluate the haemoglobin values in our volunteers.

Materials and methods {#S0002}
=====================

**Study population**: The study was carried out at Al- Jala Women Hospital in Tripoli, Libya, between May 2006 and June 2007. It included 1339 male blood donors aged from 18 to 60 years. The participants were supposedly healthy, as they claimed to be feeling well and intended to donate blood. Every participant filled and signed an informed consent form, as well as a questionnaire aiming to exclude previous operations, receiving blood, any chronic disease, any haematological disease, any previous drug abuse, or premarital or extramarital sex. Before donation, every blood donor underwent a clinical check up, including measurement of the blood pressure with a sphygmomanometer and stethoscope.

**Blood collection and haematological analysis**: After donation of about 450 ml of blood, an additional sample of 5 ml was taken via the bleed line into an EDTA blood collection tube for haemoglobin analysis. The haemoglobin analysis was carried out immediately using an automated haematology analyzer (Sysmex k21, Kobe, Japan).

**Statistical analysis**: Data were analyzed with the Statistical Package for the Social Sciences (SPSS). The mean, median, standard deviation, and reference intervals were calculated for haemoglobin.

Normal reference range was defined as mean ±2 standard deviations (SD). Since the haemoglobin data was normally distributed, we used the normal theory to establish the haemoglobin reference range.

The studied sample was divided according to age into the following categories: 18--20 years, 21--30 years, 31--40 years, 41--50 years, and 51--60 years. One-way analysis of variance (ANOVA) was used to compare the means of the haemoglobin between different age categories.

Results {#S0003}
=======

The haemoglobin data exhibited a normal distribution ([Figure 1](#F0001){ref-type="fig"}). Both median and mean haemoglobin concentration in the 1339 male blood donors were 13.9 g/dl, standard deviation was 1.6 g/dl, and the reference range was 10.8--17.0 g/dl ([Table 1](#T0001){ref-type="table"}).
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###### 

Haemoglobin median, mean, standard deviation, and reference intervals values in the 1339 male blood donors.

  Median   Mean   SD    Mean±2SD
  -------- ------ ----- -----------
  13.9     13.9   1.6   10.8-17.0

Using the haemoglobin cut-off value recommended by the World Health Organisation for detection of anemia in adult males (9) showed that 27.2% of the donors had haemoglobin concentration \< 13 g/dl. Also, 16.9% had haemoglobin concentration \< 12.5 g/dl (the minimum values for donors' haemoglobin concentration in Canada and the United States), and 1.9% had haemoglobin concentration \< 10.8 g/dl (the lower limit of the reference range estimated in this study).

Most blood donors were in age categories 21--30 and 31--40 years (49.5% and 37%, respectively) ([Table 2](#T0002){ref-type="table"}). There was a tendency to lower haemoglobin values after the age of 40 years, and ANOVA analysis showed that there is a significant difference in haemoglobin concentration between different age categories (p=0.002).

###### 

Means of haemoglobin concentration of different age categories and the ANOVA analysis

  Age group (years)   Percentage of donors   Mean Hb (g/dl)
  ------------------- ---------------------- ----------------
  18--20              4.0%                   13.4
  21--30              49.5%                  14.0
  31--40              38.2%                  13.9
  41--50              7.4%                   13.6
  51--60              0.9%                   13.0
  P-value                                    **0.002**

Discussion {#S0004}
==========

In Libya, apart from the blood bank in Benghazi, there is no proper blood banking system and there are no national guidelines to regulate the process of blood donation. Blood donations are obtained mainly by recruiting relatives and friends of the patient requiring blood. The blood is tested for blood-borne infectious diseases, cross-matched, and given to the patient.

Our results showed that 27.2% of the donors had haemoglobin concentration of less than the WHO cut-off of 13 g/dl, 16.9% had haemoglobin concentration of less than the US cut-off value of 12.5 g/dl, and 1.9% had haemoglobin concentration of less than 10.8 g/dl (the lower limit of the reference range estimated in this study). These results emphasise the importance and the urgency of considering haemoglobin estimation as an integral part of the donor selection process.

We first showed that the haemoglobin values of the study sample had a Gaussian distribution, confirming the validity of defining the reference range as the mean ±2 standard deviations.

Comparison of the estimated reference range and the mean values of haemoglobin in Libyan adult male blood donors with the published haemoglobin values in the Western countries and some African countries ([Table 3](#T0003){ref-type="table"}) \[[@CIT0010]--[@CIT0017]\] showed that the lower limit of the Libyan blood donors\' values is lower than those in Western and African countries, with the exception of Kenya \[[@CIT0013]\]. These differences may be attributed to differences in genetic makeup, hematological diseases, or nutritional lifestyle, or to differences in the methods used. Given that haematological diseases such as sickle cell anaemia and thalassaemia are widely spread in the Mediterranean region, it is very important to study these diseases in Libyans.

###### 

Comparison of haemoglobin reference values obtained from the present study with those published in Western and African countries.

  Country (ref No.)        Hb(g/dl)   
  ------------------------ ---------- ------------
  Western countries (10)   15.0       13.5--17.5
  Western countries (11)   15.0       13.0--17.0
  Western countries (12)   15.0       13.0--17.0
  Kenya (13)               9.9        8.3--11.3
  Ethiopia (14)            16.1       13.9--18.3
  Ghana (15)               14.2       11.7--16.5
  South Africa (16)        14.0       10.3--16.7
  Uganda (17)              14.1       11.1--16.8
  Present study            13.9       10.8--17.0

These results suggest that larger studies are needed to establish the haematological reference values in different categories of Libyans, including children, pregnant women, and the elderly. These studies should exclude people with haematological diseases and any other abnormality that might affect haemoglobin concentration.

Comparison of haemoglobin concentration means in different age categories showed that there is significant difference in the haemoglobin concentration means between different age categories (p=0.002). The highest haemoglobin mean (14.0 g/dl) was in the age category of 21--30 years and the lowest (13.0 g/dl) was in the age category of 51--60 years. This suggests that the latter age category should be treated with extra care.

In Libya, family replacement donors usually feel under pressure to donate and may therefore hide aspects of their health even when not feeling well, which could mean that they are phlebotomised when they are anaemic themselves. This emphasises the urgent need for proper criteria for blood donor selection to avoid bleeding unfit donors. Libyan blood services should include among their selection criteria measurement of haemoglobin, and guidelines for a National Blood Transfusion Service should be established, including definition of acceptable haemoglobin level. Simple and inexpensive pre-donation estimation of haemoglobin should be used in blood banks for selection of blood donors \[[@CIT0018]--[@CIT0021]\].

Conclusion {#S0005}
==========

This paper showed that there is an urgent need to revise the blood donation protocol in Libya. More attention should be given to selection of donors in order to guarantee their safety, and to ensure obtaining blood that is suitable for transfusion.

The procedure of blood donor selection should include testing donor\'s haemoglobin.
